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REMARKS 

In response to the Office Action mailed August 16, 2007, Applicant respectfully requests 
reconsideration. Claims 1-2 and 5-18 were previously pending in this application. By this 
amendment, claims 1-2 and 18 have been amended. As a result, claims 1-2 and 5-18 are pending 
for examination with claims 1 and 18 being independent claims. No new matter has been added. 
The application as presented is believed to be in condition for allowance. 

Initially, Applicant's representatives thank Examiner Perez- Gutierrez and Examiner 
Ajibade-Akonai for the courtesies extended during a telephone interview conducted on 
November 7, 2007, in which Scott J. Gerwin (Reg. No. 57,866) and Jeffrey C. O'Neill 
participated. The substance of this interview is summarized herein. 

Rejections Under 35 U.S.C. § 103 
Claims 1-2 and 5-18 are rejected under 35 U.S.C. 103(a) as purportedly being 
unpatentable over Chow, U.S. Patent No. 6,771,966 (hereinafter "Chow") in view of one or more 
other references. Claim 1-2, 5, 7-9, and 13-18 are rejected as being unpatentable over Chow in 
view of Sengoku et al. "Cellular Mobile Communication Systems and a Channel Assignment 
Using Neural Networks" (hereinafter "Sengoku"). Claim 6 is rejected as being unpatentable 
over Chow in view of Sengoku and further in view of Csapo, U.S. Patent Application 
20030202497 (hereinafter "Csapo"). Claims 10 and 11 are rejected as being unpatentable over 
Chow in view of Sengoku and further in view of Hung et al., U.S. Patent Application 
20050058111 (hereinafter "Hung"). Claim 12 is rejected as being unpatentable over Chow in 
view of Sengoku and further in view of Stanley, U.S. Patent No. 6,836,467 (hereinafter 
"Stanley"). Each of these rejections is respectfully traversed. 

Discussion of Chow 

Chow discloses presenting information about a wireless network in a graph. In FIGS. 3- 
4, 6-9, 11-13, and 16-17, Chow shows graphs of wireless networks. In each of these graphs, the 
vertices (i.e., the dots where lines meet or intersect) of the graphs represent communications 
nodes. (Col. 12, lines 44-48). In the graphs, edges (i.e., lines) drawn between the vertices 
indicate communications links between the corresponding communications nodes. For example. 
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in FIG. 3A, the edges indicate potential communications links between the nodes, and each 
vertex is connected to every other vertex by an edge. (Col. 12, lines 48-58). In FIGS. 3B and 
3C, the edges indicate communications links that do not interfere with each other. (Col. 14, lines 
20-47). 

Other graphs in Chow present more information about the communications network. For 
example, in FIGS. 4A-4D, each vertex (i.e., each dot) represents a communications node, and 
each communications node is specifically marked as a transmitter or a receiver. (Col. 14, line 55 
- col. 15, line 5). Each transmitter in FIGS. 4A-4D has an intended receiver. (Id.). The 
communications link from a transmitter to an intended receiver is denoted by an edge (i.e., a 
line) marked as a "signal path," and the communications link from a transmitter to an unintended 
receiver is denoted by an edge marked as an "interference path." (Id.) . 

In each of the graphs presented by Chow in FIGS. 3-4, 6-9, 11-13, and 16-17, a vertex in 
the graph represents a communications node, and an edge between two vertices in a graph 
represents a communications link between the corresponding communications nodes. 

Claims 1-2 and 5-18 

Amended claims 1 and 18 recite a method and a computer-readable medium, 
respectively, for "modeling wireless interference among wireless links between a plurality of 
wireless nodes in a wireless network." The claims comprise "creating a graph from the 
connectivity information, wherein each identified wireless link is represented as a vertex in the 
graph" and "an edge is created between a first vertex and a second vertex in the graph if the 
corresponding wireless links interfere with one another." 

During the telephone interview. Applicant's representatives explained that Chow does 
not teach or disclose modeling a wireless network where the wireless links are represented by 
vertices in the graph and the edges between the vertices of the graph indicate whether the 
corresponding wireless links interfere with one another. Applicant's representatives explained 
that Chow discloses using vertices to represent only radio nodes and Chow does not disclose 
using vertices to represent wireless links. Further, Chow discloses using edges between vertices 
to represent a wireless link between the radio nodes corresponding to the connected vertices, and 
Chow does not disclose using edges to represent interference between two wireless links. 
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Additionally, Applicant' s representatives explained that one of skill in the art, would not 
interpret the lines labeled "signal path" in FIG. 4A of Chow to be a "vertex" in a graph, as that 
term is used in the claim. Applicant's representatives cited to the Examiners a textbook on graph 
theory that defines vertices and edges as follows: "[G]raphs are drawn with dots and lines. . . . 
The dots ... are called vertices and the lines that connect the vertices are called edges." Richard 
Johnsonbaugh, Discrete Mathematics, p. 305 (4th Ed. 1997). Applicant's representatives also 
cited to the Examiners a technical dictionary that defines a vertex as "a member of the set of 
points that are connected by the edges." McGraw-Hill Diet, of Sci. and Tech. Terms (6th Ed. 
2003). Copies of the cited portions of these references are appended hereto. 

Applicant's representatives further explained that these definitions are consistent with the 
way that these terms are used in the specification, pointing out that FIG. 4 of the present 
application shows a graph comprising two circles connected by a line. (^ 41). The circles are 
indicated by reference numbers 300 and 400, and the line is indicated by reference number 402.^ 
The specification states that the two circles are two vertices in the graph and the line is an edge 
between the two vertices. (1 41). The terms "vertex" and "edge" are thus used in the 
specification in accordance with their plain and customary meaning. Thus, these terms should be 
construed in accordance with these meanings. 

During the interview. Applicant's representatives presented proposed claim amendments 
to the Examiners to clarify that the vertices and edges recited in the claims are included in a 
graph. The Examiners stated, based on the above-discussed references defining the terms 
"vertex" and "edge" in the context of a graph, that they agreed that interpreting the lines labeled 
"signal path" in FIG. 4A to be vertices is improper. While understandably reserving final 
judgment until receiving a formal response, the Examiners indicated that if the claims were 
amended in the manner proposed, such that the wireless links were represented in a graph, the 
amended claims would distinguish the prior art of record. 

As discussed above. Chow does not teach or suggest creating a graph wherein "each 
identified wireless link is represented as a vertex in the graph" and wherein "an edge is created 



^ Note that in the Amendment dated June 21, 2006, applicants corrected a typographical error in FIG. 4. FIG. 4 
previously referred to the two vertices in FIG. 4 by reference numbers 300 and 312, but paragraph 41 of the 
specification used reference numbers 300 and 400 to refer to the vertices. In the Amendment of June 21, 2006, 
Applicants corrected this typographical error by replacing reference number 312 in FIG. 4 with reference number 
400. 
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between a first vertex and a second vertex in tlie graph if the corresponding wireless links 
interfere with one another." Rather, in FIG. 4A, Chow shows a graph in which communications 
nodes are represented as vertices in a graph and wireless links between communications nodes 
are represented as edges between the corresponding vertices. 

Sengoku does not cure the infirmities of Chow. Without acceding to the propriety of the 
asserted combination, Applicant respectfully points out that the prior £irt of record fails to satisfy 
all of the limitations recited by claims 1 and 18. 

As should be appreciated from the foregoing, claims 1 and 1 8 patentably distinguish over 
Chow in combination with Sengoku. Accordingly, it is respectfully requested that the rejection 
of claims 1 and 18 under 35 U.S.C. § 103 be withdrawn. 

Claims 2 and 5-17 depend from claim 1 and are patentable for at least the same reasons. 
Accordingly, it is respectfully requested that the rejections of claims 2 and 5-17 be withdrawn. 

35 U.S.C. § 101 

As previously presented, claim 18 recited a "computer-readable medium containing 
computer-executable instructions for modeling wireless interference among wireless links 
between a plurality of wireless nodes in a wireless network." During the interview, the 
Examiners, while noting that the Office Action does not set forth any §101 rejection, questioned 
whether claim 18 is directed to statutory subject matter. Specifically, the Examiners noted that, 
in % 30 on page 8 of the specification, the term "computer-readable medium" is defined to 
include "both storage media and communications media" and that "communications media" 
includes a "modulated signal." The Examiners questioned whether a claim that reads on a signal 
is statutory. 

Applicants believe that claim 18 as previously presented was statutory. However, to 
allay any concerns that the Examiners may have. Applicant has amended claim 18 to recite a 
"computer-readable storage medium" rather than just a "computer-readable medium." Thus, it 
should be clear that claim 18 is directed only to computer-readable storage media and not to 

communications media. 
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CONCLUSION 

A Notice of Allowance is respectfully requested. The Examiner is requested to call the 
undersigned at the telephone number listed below if this communication does not place the case 
in condition for allowance. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicant hereby requests any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee, that is not covered by an enclosed 
check, please charge any deficiency to Deposit Account No. 23/2825. 

Dated: November 16, 2007 Respectfully submitted, 



By: /Scott J. Gerwin/ 

Scott J. Gerwin 

Registration No. 57,866 

Wolf, Greenfield & Sacks, P.C. 

600 Atlantic Avenue 

Boston, Massachusetts 02210-2206 

Telephone: (617) 646-8000 
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veronal [pharm] A white eiystaffiae powder fonnerly used 
T^.^^^'^ ^"'•--'-P- ■ Also Lw„ 
verrou See riegel. { va'rfl } 

"^Sj**""^"^ "^""''^ peruviana. ' { va'ril-kg ,per- 

'nenotr/wTh"'- ^"^^ A benign eruptive fonn of barto- 
nellosis, with chrome cutaneous. lesions. Also known as ver- 
onica peruana. (V3'ra-k9.pa,ra-ve'a-na) 
Verrucariaceae [bot] A family of crpstose lichens in the 
order Pyrenulales typically found on.rocks, especially in inter- 
tidal or salt-spray zones. along, rocky coastlines.' ■ { varfl-ka- 



vertical center keelson I 2253 



r6'as-B,e.) 

Verruoomorpha [inv zoo] A suborder of the crustacean 

verrucose [biol], , Having the surface covered with wartlike 
■protuberances, (va'rilkos} " "verea witn wartlike 

telT^Zr?"'''''"' -^"^ Sinaa thrombotic, nonbac- 
te^al, wartlike lesions on..the heart valves and endocardium. 

k l?? /^""'"'i'^ 'y-"^' '"P"^ etythemato^is. Also 
known as , terminal endotarfitis. { va'rtl-kas !en-de-kar'drd- 



as) ■ 
vers See versed sine 

versatile antl,er [bot] An anther whose, attachment is near 
'an-Ihor ) ^""'""^ " '° '^^^^ (-.'var-sod-ol 

lSj1^l!!^f'"^ T'''^"' f^^l computer- 
controlled tester, for missile, electronic systems, that trouble- 
hoots faults by deductive logic and isolaL thei, to thVplng- 
rkwiltsm)"'"''""'"'''^"'' ^ '^'^■'''^•^I!*d-a|mad-1k't4, 

versed cosine See coversed sine. { 'varst 'ko sin ) 

versed sine [math] The versed sine of ^ is' - cosine A 
Denoted vers. Also known as versine. { Varst 'slnT 

verslera Se? witch of Agnesi. { ,var-s6'er-a 1 ' 

verslne.5ei versed sine. { 'var.sin ) 

"rl^- •■ A left-hand page in a book, usually 

^^^^n^] a.I.^.de^apag,thl^ 

^r^l .^°IS^^°- *at make up.«ie^pine 

d« »„'hV 'T^""' ' ^" """^ ^°^"^<^ «>e paired jiedi- 
h t ? T"'' °^ ' posterior part of a ve^bra 

v«^ebral foramen m which the spinal cord is lodged in' verte- 
vertlh;»i . " ( '^3^d-a-bral 'Sfch ) 

vertebral column See spine. [ 'vord-g-bral 'ka-am ) ' 

Chn JT- -^Themajorsubphylumofthephylum 

S:?^rr - 

vertebrate zoology [zoo] That branch of zoology con- 
cerned with the study of members of the Vertebrata Y 'vard- 
a-brat zo ai-a-je ) i 

vertebratus [meteorol] A cloud variety (applied mainly 
to the genus cirrus), the elements of which are ranged in a 

~aS::T °' '''' " ' ''''' 

Imns ^TT^ ' • P°'"' ' '^^'^^''^i body 

attains, 2. On a great c.rdle, that point that is closest to a 
fintiv mf"' ■ ■ °' polyhedron, any of those 

finitely many points which together with line segments or plane 

at which t'rr '''T " 2- Th-^' ~ poTnt 

at which the two sides of an angle intSrsect 3 The fixed 
point,.hrough which pass all the efements of a'con; or coS 
surface. 4. An intersection of a conic with one of its ax^s of 

by the edges. Also known as node. 6. For a simplex one 
O^lrZTr'T"-:^^^^^^^^ tomes] 
optLl ax's '"("vanekrr °' ^ 

"sfTt tikTSgalV 
this set. { 'vatfteks |kavar ) 

vortexK=overlng number [Maih] For a graph, the smallest 



Vermca stroemia. 



S^a^arT^''"'''''"'""^"""'^- ^ '^'^iteks Ikav 
^m^V^T"' -f""'^^ A partf-cle detector designed to 
provide h.gh-prec,sion(typically5to20micrometers)m^!ure- 

ctose to fte"? trajectories of charged paiiclS!*^ 

Close to the nteraction pomt (typically G.4 to 4 inches; or I to 10 
centimeters) of a high-energy collider { 'var teks di tek-ter 1 
vertex-disioint paths [math] In a gLph, two- paS w A 

^nr.s^a~.brr' ^'^""'^ ' ;-.->^-.d^- 

vertex-induced graph [math] a subgraph whose edee, 

C^s^:is.^T^iteS':pST"<^^ 

vertical.- air photograph ■ [graphics] An air photo^raoh 
™* "^^Pf^I ^ of the camera peipendiculaTthe 
earth s suifece-. ( 'varf.a.kal 'er 'fod a.graf ] 
vertical anemometer [meteorol] An instrument whirl 
records the vertical component of the wind speed ( Vard a 
kal lan a'mam ad-ar ) f ■ i vjiu a 

vertical angles [math] The two angles produced bv a oair 
of mtersecting lines and lying on. opposite sides of the point 
of mtersecuon. { 'vard-a-kal 'aij-galz ) . ""^ P"'"' 
vertical antenna [electromao] a vertical metal tn«,,. 
rod^or^suspended wire used as an antenna. , Vard a kai 
vertical axis [nav arch] The vertical line near the center 
of ^avity of a craft peipendicular to both the longitud nal and 
1^ axes, around which it yaws. [ 'vard a kal 'ak sar) 

wh"mafcoS'!If"c&^^^^^ 

a vessel s bottom, rotates about a vertical axis, and carries ne^ 
Its periphery a number of spadelike vertical blades^XaS^ 
a-Kai .ak sas pra!pel-ar } r, 

Td^?v"'f"'f"''*''^''*'^""' Atransistorinwhich 
deally, electi-ons traverse ballistically (tliat is widiout scatl^: 

InH wKn*^ t '^P^'*'~ ^ fro™ an anode 

and whose effective cross section is modulated by the potentia 
of metal gate contacts. { |vard i kal ba.Iis tik tran'zis-tar ) 
vertical Band, saw [mbch bng] a ba^d saw who e blaL 
l^.ZX^t''''"' Meal for contour 
verttcal-blanking [electr] Blankingof a television picture 
tube during the vertical retrace. ( 'vard a kal 'blank-in f 
verticalboller {mhcheng] AfirUubeboi e h g r^cal 
tubes between top head. and tube sheet, connected to thTtoo 
of an internal furnace. {. 'vard-a-kal 'boi lar ) ^ 
ve^cal boring mill (mbch eng] a large type, of boring 
machine ,n which a rotating wortpiece is fastened ^ a horii^ 
X ™^ H Tt'^ ' four^-aw.independent chuck with 

a ktl « 
ZTw •"«'=hine [MBCH ENG] A broaching 

vertioal-cavily surface-emitting laser [OPTICS] A ve™ ' 
smallsemiconductor laser in which stacks of dielectric miiio;: 
l^-^ * ^ ""^ "P'^'^^^y ""Sion form the optical 

cavty.theactive gam medium consistsofoneormoresenlcon 
ductor quantum.wells placed parallel to the mirror, at an and 
node of the cavity resonance, and iasmg light emission is fro„ 
the surface of the semiconductor substrate, normal to the plane 
of the gam medium. Abbreviated VCSEL { 'vard i- kal 
,Kavad-e [sarfas i,mid-ig 'la-zar ) 
vertical centering control [electr] The centering control 
provided in a television receiver or cathode-rav ccillo^coDe 
to shift the position of the entire image verticalN n ; the! 
direction On the screen. ( 'vard-a kal 'sen-tar-in kan trC l 
'^:S:rwhT'''''°'' f'^^""^™^ ThelowerSSSie 
SdSi^St!.Tr'T°" ''''P'^'^'^^^'™*^ bottom 

^SfSrS''7tK^t!'« BistnWeddieleetri, 
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And then he had coffee Mth 
And then J went to Wati fhio \ - \ 
Walerhuiy is afuie < //^ clock' 
city, Jhe famous Watdibury clock ^ 
Sold a nice bill there Ini then ' 
Boston — Boston is the cradle of 
the Revolution A fine city. And 
a couple of other towns in Mass., 
and on to Portland and Bangor 
and straight home! 

— from Death of a Salesman 
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Notes 
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Although the first paper in graph theory goes back to 1736 (see Example 
6.2,16) and several important results in graph theory were obtained in 
the nineteenth century, it is only since the 1920s that there has been a 
sustained, widespread, intense interest in graph theory. Indeed, the first 
text on graph theory ([Konig]) appeared in 1936. Undoubtedly, one of 
the reasons for the recent interest in graph theory is its applicability in 
many ciiverse fields, including computer science, chemistry, operations 
research, electrical engineering, linguistics, and economics. 

We begin with some basic graph terminology and examples. We 
then discuss some important concepts in graph theory, including paths 
and cycles. A shortest-path algorithm is presented that efficiently finds 
a shortest path between two given points. Two classical graph prob- 
lems, the existence of Hamiltonian cycles and the traveling salesperson 



* This section can be omitted without loss of continuity. 
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problem, are then considered. After presenting ways of representing graphs, 
we study the question of when two graphs are essentially the same (i.e., when 
two graphs are isomorphic) and when a graph can be drawn in the plane without 
having any of its edges cross. We conclude by presenting a solution based on a 
graph model to the Instant Insanity puzzle. 



6.1 INTRODUCTION 



Figure 6.1.1 shows the highway system in Wyoming that a particular person is 
responsible for inspecting. Specifically, this road inspector must travel all of 
these roads and file reports on road conditions, visibility of lines on the roads, 
status of traffic signs, and so on. Since the road inspector lives in GreybuU, the 
most economical way to inspect all of the roads would be to start in GreybuU, 
travel each of the roads exactly once, and return to GreybuU. Is this possible? 
See if you can decide before reading on. 



i 

li]' 




Figure 6.1 .1 



Muddy Gap 
Part of the Wyoming highway system. 



The problem can be modeled as a graph. In fact, since graphs are drawn 
With dots and lines, they look like road maps. In Figure 6.1.2, we have drawn a 
graph G that models the map of Figure 6.1.1. The dots in Figure 6.1.2 are called 
vertices and the lines that connect the vertices are called edges. (Later in this 
section we will define all of these terms carefully) We have labeled each vertex 
'*ith the first three letters of the city to which it corresponds. We have labeled 
Iges ei, . . . , ei3. In drawing a graph, the only information of importance 
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Figure 6. 1 .2 

A graph model of the highway 
system shown in Figure 6.1.1. 
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is which vertices are connected by which edges. For this reason, the graph of 
Figure 6.1.2 could just as well be drawn as in Figure 6.1.3. 



Figure 6.1.3 An alternative, but equivalent, graph model of the highway 
system shown in Figure 6.1.1. 



If we start at a vertex vo, travel along an edge to vertex vi, travel along 
another edge to vertex Vz, and so on, and eventually arrive at vertex we call 
the complete tour a path from Vq to u„ . The path that starts at She, then goes 
to Buf, and ends at Gil corresponds to a trip on the map of Figure 6.1.1 that 
begins in Sheridan, goes to Buffalo, and ends at Gillette. The road inspector's 
problem can be rephrased for the graph model G in the following way: Is there 
a path from vertex Gre to vertex Gre that traverses every edge exactly once? 

We can show that the road inspector cannot start in GreybuU, travel 
each of the roads exactly once, and return to Greybull. To put the answer 
in graph terms, there is no path from vertex Gre to vertex Gre in Figure 
6.1.2 that traverses every edge exactly once. To see this, suppose that there 
is such a path and consider vertex Wor. Each time we arrive at Wor on 
some edge, we must leave Wor on a different edge. Furthermore, every edge 
that touches Wor must be used. Thus the edges at Wor occur in pairs. It 
follows that an even number of edges must touch Wor. Since three edges 
touch Wor, we have a contradiction. Therefore, there is no path from ver- 
tex Gre to vertex Gre in Figure 6.1.2 that traverses every edge exactly once. 
The argument applies to an arbitrary graph G. If G has a path from ver- 
tex V to V that traverses every edge exactly once, an even number of edges 
must touch each vertex. We discuss this problen? in greater detail in 
Section 6.2. 

At this point we give some formal definitions. 



A graph (or undirected graph) G consists of a set V of vertices (or nodes) and 
a set E of edges (or arcs) such that each edge e e E is associated with an un- 
ordered pair of vertices. If there is a unique edge e associated with the vertices 
V and w, we write e = {v,w) or e — (w,v). In this context, (u, w) denotes 
an edge between v and w in an undirected graph and not an ordered pair. 



